The use of perhexiline maleate as an antianginal agent is occasionally associated with side effects, particularly neuropathy and liver damage. The reason why some individuals develop these toxic reactions is not clear, though some evidence suggests that they may result from impaired oxidative metabolism, due to genetic or hepatic factors, and consequential accumulation of the drug in toxic concentrations. Drug oxidation was measured with an oxidation phenotyping procedure in 34 patients treated with perhexiline, 20 of whom had developed neuropathy and 14 of whom had not. Most of the 20 patients with neuropathy, but not the unaffected patients, showed an impaired ability to effect metabolic drug oxidation. This impairment was independent of hepatic function, concurrent drug therapy, or tobacco or alcohol consumption.
Introduction
Perhexiline maleate (Pexid), a synthetic antianginal agent, was first marketed in the UK in 1975 . Clinical trials have shown its efficacy in reducing both anginal attacks and the consumption of glyceryl trinitrate in patients with myocardial ischaemia.1-3 Its mode of action is not fully understood, but it reduces exerciseinduced tachycardia and improves exercise tolerance without effect on blood pressure or resting heart rate.4 It has calcium antagonistic properties6 and may exert some intracellular biochemical effect to reduce high-peak demand for oxygen during exercise or stress.7
The use of perhexiline has, however, become increasingly associated with adverse effects, both minor and major. The minor side effects, which include nausea, vomiting, dizziness, lethargy, insomnia, tremor, and loss of libido,8-" have not been too troublesome, and if they do not disappear spontaneously,9 11 they can easily be controlled by reducing the dose or stopping the drug.8 9 The major side effects comprise peripheral neuropathy" 13; hepatic damage,'4 15 including cirrhosis '6 ; hypoglycaemia'7; and weight loss.8 9 Proximal myopathy"8 and papilloedema"9 20 have also been reported. Most of these effects are reversed when the drug is withdrawn, but the return of neurological and hepatic functions to normal may be slow or incomplete.
The reason why some people develop serious toxic reactions to perhexiline is not clear, though some evidence suggests that the reactions may result from impaired metabolism of the drug. Perhexiline is a lipophilic drug and its elimination depends on metabolic oxidation to the more polar monohydroxylated and dihydroxylated metabolites. The large interindividual variations in plasma half lives of perhexiline have been interpreted as being due to interindividual differences in the rate of metabolism of the drug.2' L'Hermitte et al suggested that perhexiline-induced neuropathy might represent individual susceptibility, perhaps secondary to some latent inborn metabolic disorder,22 and Singlas et al later showed that patients with peripheral neuropathy had higher perhexiline plasma concentrations and longer plasma half lives than those without peripheral neuropathy." Furthermore, the mean ratio of plasma concentrations of the parent drug to those of its major metabolite, monohydroxy-perhexiline, was some nine times higher in the patients with neuropathy than in the controls, and they concluded that this toxic effect of perhexiline was associated with accumulation of the parent drug due to different patterns of distribution or metabolism in affected individuals.2' The metabolic differences, in turn, were attributed to either genetic factors or the hepatic damage that may be associated with perhexiline therapy. 23 Recently it has been shown that several drug oxidations in man are under single gene control and exhibit genetic polymorphism.24 25The genetic structure of a population with respect to oxidation is readily ascertained by the use of the drug debrisoquine, which is extensively oxidised by most individuals (extensive metaboliser phenotype) to its major metabolite, 4-hydroxy-debrisoquine. About 90' of white British subjects, however, show impaired oxidation of debrisoquine (poor metaboliser phenotype).24 26 The oxidation is regulated by two ability to oxidise several other drugs besides debrisoquine.25 27 28 This genetic polymorphism in drug oxidation reactions has several important implications. One of the more significant is that in subjects with impairment drugs that are normally eliminated by oxidation are more likely to accumulate, possibly to toxic concentrations. 29 We therefore investigated patients who had developed perhexiline-induced neuropathy for their debrisoquine oxidation status on the supposition that the toxicity could be the result of an impaired ability to eliminate drugs through oxidation.
Patients and methods
Twenty patients with past or present perhexiline-induced neuropathy confirmed by nerve conduction studies (18) or definite clinical evidence (2), were identified from various cardiac outpatient departments. Another 14 patients who received perhexiline for angina and who had had no serious side effects on long term treatment served as controls. A further 38 patients with ischaemic heart disease who had never had perhexiline were also included in the study to assess the influence of the disease on oxidation pattern and also to determine whether the disease had predilection for any particular oxidation status. Approval was obtained from the St Mary's Hospital ethical committee, and each patient gave his or her informed consent before participating in the study. The details of these patients and, where appropriate, the approximate weekly intake of perhexiline are given in table I.
All the patients were phenotyped for oxidation status,24 and each took a single 10-mg oral dose of debrisoquine (Declinax 10, Roche). The urine passed in the subsequent eight hours was collected in bulk, the volume measured, and a 20-ml sample stored at -20"C before analysis. Each sample was analysed for its content of parent drug and its major metabolite, 4-hydroxy-debrisoquine using electroncapture gas chromatography. From the results, the metabolic ratio was calculated. This ratio defines an individual's ability to metabolise debrisoquine (and by inference several other drugs) and is derived as To assess their hepatic function, routine biochemical liver function tests were carried out on all the patients included in this study. Most of these tests were performed within one week of the debrisoquine phenotyping test.
Results Table I shows the details of the 34 patients who received long-term perhexiline treatment for angina, together with the results of their liver function tests and their debrisoquine metabolic ratios. The 20 patients who developed neuropathy consisted of 18 men and 2 women while the 14 patients who did not develop this complication included 10 men and 4 women. There were no significant differences between the two groups in terms of their age, weight, or alcohol consumption. Ten of the 20 neuropathic patients and two of the 14 non-neuropathic individuals consumed tobacco in some form. Both groups were exposed to comparable dosages of perhexiline. In the eight hours the mean ( SD) urinary recoveries of debrisoquine plus 4-hydroxydebrisoquine were 29 8 -1131) ' (range 14-67%"') in the neuropathic group and 261 ± 10 7"' (range 12-53%) in the non-neuropathic group. The patients fell into two fairly well defined groups with respect to their oxidation status and the development of neuropathy.
The patients who developed neuropathy showed metabolic ratios in the range 0-5-> 100 with a median value of 14 4 whereas the range for the non-neuropathic group was 0-4-4 6 with a median value of 0 65. The median metabolic ratio of the neuropathic group was significantly greater than that of the non-neuropathic group as determined by the Wilcoxon rank test. There were many more patients with ratios of more than 12 6 (50%,) and fewer with ratios of less than 1 0 (15%,)
among those who developed neuropathy. This preponderance of individuals with high metabolic ratios was significantly greater (Z2= 297 379; p<00001) in the neuropathy group than would have been expected in normal healthy population24 26 or in a random sample of patients with ischaemic heart disease (see below). Correspondingly, the neuropathy group contained significantly fewer (X2 =7 6, p <0 01) individuals with metabolic ratios of less than 1 0. Table I also shows details of the 38 patients (35 men and 3 women) with ischaemic heart disease who were not prescribed perhexiline and the results of their liver function tests and debrisoquine metabolic ratios. This group of patients did not differ in age, weight, alcohol or tobacco consumption, or biochemical liver function values fiom the two perhexiline-treated groups. Their mean eight-hour urinary recovery of debrisoquine plus 4-hydroxy-debrisoquine (33 9 ±93', range 11-62oi,) was also comparable. These patients had metabolic ratios of 0 1-39 with a median value of 0-55. Only three patients had a ratio greater than 12 6 (8%), whereas 25 had a ratio of less than 1 0 (66%/).
The remaining 10 patients (26%^) had intermediate ratios.
Discussion
The question arises whether the metabolic impairment in the neuropathic patients was due to hepatic dysfunction produced by perhexiline treatment. It is impossible to generalise about the effect of liver dysfunction on drug oxidation since the findings are inconsistent and sometimes contradictory.30 Thus, the rate of metabolism of phenylbutazone,3I aminopyrine,'2 bishydroxycoumarin,32 antipyrine,33 tolbutamide,33 and pentobarbital34 were not significantly changed, while other investigations have shown the half lives of phenylbutazone35 and meprobamate36 to be prolonged in patients with liver dysfunction. A leading article in the Lancet37 concluded that even patients with advanced chronic liver disease metabolise drugs surprisingly normally. There was no significant difference between our three groups in their various liver function values. In the 72 patients investigated there was no correlation between the measured metabolic ratios and any of the liver function values. Therefore the difference in debrisoquine metabolic ratios between the two perhexiline-treated groups of patients probably did not originate in hepatic dysfunction. Furthermore, we have found in unpublished studies that the metabolic ratio for debrisoquine is unaffected by mild-to-moderate hepatic damage unless accompanied by hyperbilirubinaemia. Similarly, no difference was discernible between the two groups of patients on perhexiline in terms of their smoking habits or alcohol consumption.
All except four of the perhexiline-treated patients had discontinued perhexiline at least four weeks before being phenotyped. The concurrent drug treatment of all the patients studied at the time of the assessment of their oxidation status is shown in table II. It may be suggested that certain drugs when taken concurrently may influence each other's metabolic fate and therefore that the metabolic ratios of patients with neuropathy may be artefactually raised. Evidence against this suggestion is provided by our group of 38 patients with ischaemic heart disease. The pattern of drug treatment in this group was similar to that in the two perhexiline-treated groups (table II); they had metabolic ratios in the range of 0 1-39 and a median metabolic ratio of 0 55, which was lower than that of normal healthy population (0 8) receiving no medication. The proportion of individuals with metabolic ratios greater than 12-6 (7-9%O) among these 38 patients was also close to that in healthy population.26 Therefore the reason for the pronounced differences in the distribution of the metabolic ratios between the neuropathy group compared and the other two groups was not the result of concurrent drug treatment.
These results show a clear association between the occurrence of perhexiline-induced neuropathy and diminished drug metabolic ability as shown by debrisoquine hydroxylation. They suggest that individuals of poor metaboliser phenotype are at greater risk of developing neuropathy from long-term perhexiline therapy. This risk is strikingly reduced in extensive metabolisers who have metabolic ratios of less than 1.
The association between diminished drug oxidation status and propensity to develop a neuropathic reaction to perhexiline makes it plausible to suggest that perhexiline would tend to accumulate in individuals with impaired drug oxidising ability because of defective metabolic elimination. The accumulation of the parent drug may then produce toxic sequelae. The mechanism of these toxic reactions is unknown, but drug-induced disturbances of lipid metabolism have been implicated. 38 Without any obvious causes three of our 20 patients developed neuropathy despite their metabolic ratios being less than 1. It therefore seems likely that, although an individual's drug oxidation status may be a major pharmacokinetic determinant of drug response (toxic or therapeutic), other, as yet unidentified, factors may also contribute to producing toxic sequelae in a few patients. Such factors may include disorders affecting the TABLE iI-Details of concurrent drug therapy in 34 perhexiline-treated patients at the time of phenotyping and in 38 patients who had never received perhexiline Oxprenolol, thiazide, potassium supplements 11 (19) Atenolol, perhexiline, nitrates 12 (25) Propranolol 13 (27) Acebutolol, thiazide, potassium supplements 14 ( Propranolol, prenylamine, thioridazine immune system or lipid metabolism and pharmacodynamic sensitivity.
These findings suggest that routine determination of oxidation status using debrisoquine could be of predictive value in determining perhexiline dosage and controlling its neurotoxicity. Significant associations have already been shown between impaired debrisoquine oxidation and susceptibility to debrisoquineinduced postural hypotension39; phenacetin-induced methaemoglobinaemia29; phenformin-induced changes in blood lactic acid concentrations40 41; and nortriptyline-induced vertigo, dizziness, and confusional state. 42 Bertilsson et al found that nortriptyline could be reintroduced successfully at much lower doses in patients with high debrisoquine metabolic ratios.42 Our findings suggest that, similarly, perhexiline can be used successfully in the treatment of angina pectoris without any appreciable danger of precipitating peripheral neuropathy provided the dose is tailored to the patient's oxidation status. 24 British towns showed a strong association between blood lead concentrations, alcohol consumption, and cigarette smoking. The association with alcohol persisted after age, social class, body mass index, cigarette smoking, water lead concentrations, and the town of residence had been taken into account. There was an independent but less pronounced association between cigarette smoking and blood lead concentrations after adjustment for the other factors. The possible mechanisms include a decreased excretion of lead due to alcohol-induced hepatic dysfunction and an increased lead intake from cigarette smoking.
These findings have implications for widespread measurement of blood lead concentrations in adults in the community and for all studies attempting to relate blood lead concentrations to environmental exposure.
Introduction
The British Regional Heart Study seeks to explain the substantial geographical variations in cardiovascular mortality in Great Britain by evaluating the role of environmental, socioeconomic, and personal risk factors. The role of water quality is of particular interest, and analysis of data collected in the study has recently shown that cardiovascular mortality is about 10% higher in areas with very soft water than in areas with medium-hard water, after appropriate adjustments have been made for other factors such as climate and socioeconomic circumstances. ' The mechanism by which soft water is associated with a higher cardiovascular mortality is uncertain but one of the possibilities considered was the increased water lead concentrations seen in many soft, acid waters.2 3 The Regional Heart Study includes a clinical survey of middle-aged men in 24 British towns, carried out to determine the distribution of established or possible risk factors for cardiovascular disease, to examine their interrelationships and to initiate a long-term prospective study of cardiovascular disease based on these findings.4 The survey has included the measurement of blood lead concentrations, and this report describes some relationships observed between blood lead concentration, cigarette smoking, and alcohol consumption in these middle-aged men.
Subjects and methods
The British Regional Heart Study covers 7735 men aged 40-59 years randomly selected from the age-sex registers of representative general practices in 24 British towns. The criteria for selecting the towns, the general practices, and the subjects as well as the methods of data collection have been presented in a separate report.4 In brief,
